INTRODUCTION
Commercially available conjugated linoleic acid CLA mainly contains two structural isomers 9-cis,11-trans-and 10-trans,12-cis-CLA . It has been reported that each isomer has different physiological activities such as anticancer activity 1, 2 or an increase in energy expenditure 3 . To develop nutraceuticals containing the two CLA isomers at arbitrary contents, a fractionation process for the CLA isomers is needed. Lipase from Candida rugosa CRL has high substrate specificity toward 9-cis,11-trans-CLA. By using this specificity, the fractionation of the two CLA isomers has been performed by esterifi cation of CLA with lauryl alcohol 4, 5 or L-menthol 6 .
For the fractionation processes, it is necessary to determine the degree of esterifi cation and the fractionation efficiency the ratio of one isomer versus the sum of the two isomers . Typically, they are separately determined by different procedures. To determine the efficiency, various steps are required, e.g., the separation of the oil phase of the reaction mixture into its ester and free fatty acid FFA fractions by hexane extraction followed by methylation of the FFA and ester, and, then, GC analysis. The degree of esterifi cation can be determined by alkali titration of FFA in the reaction mixture. In this study, to simplify these pro-
Reactions and analysis
The CLA L-menthyl ester CLA-Men was synthesized at 30 by mixing CLA in the FFA form 28 g , L-menthol 15.6 g , and an aqueous solution of CRL 11 mL, 200 or 3000 U/g-reaction mixture for 40 h. The fractionation efficiency and degree of esterifi cation were simultaneously determined by GC. Prior to the GC analysis, the reaction mixture was centrifuged at 8000 g for 1 min to separate it into oil and aqueous phases. FFA in the oil phase then underwent methylation without separation of the oil phase into the FFA and ester fractions; about 5 mg of the oil phase were dissolved in 1 mL of toluene/ Because the sensitivities of L-menthol, FAME, and CLA-Men toward FID were different, the correction factors for estimating the degree of esterification were subsequently determined. To determine these factors, the GC analysis was performed using different mixtures of L-menthol, FAME, and CLA-Men at given compositions, in which the sensitivities of the various FAs were assumed to be the same.
The same analytical procedure was applied to the hydrolysis of CLA-Lau. One gram of CLA-Lau was hydrolyzed with 0.5 mL of water containing 9000 U of CRL at 30 for 5 d. After the reaction, the reaction mixture was separated into the oil and aqueous phases, followed by methylation. The GC conditions for the reaction mixture after methylation were as follows: 150 to 200 at 3 /min, 200 to 240 at 10 /min, and, then, maintained at 240 for 15 min.
RESULTS AND DISCUSSION
The GC chromatogram for CLA-Men after methylation contained groups of peaks L -menthol, FAME, and CLA-Men , as shown in Fig. 1A . The components eluted are L-menthol, the FAME group, and the CLA-Men group, with good separation. The FAME group in the chromatogram was considered to correspond to the methylated derivatives of FFA. The nearly complete separation of CLA in each group was also achieved, and isomerization of CLA did not occur 7 . The order of elution for each group depended on the vapor pressure of the compounds, indicating that even a DB-23 column has the capability to separate each compound by the difference in vapor pressure. It can be considered that a chromatogram of the oil phase obtained using a nonpolar capillary column e.g., 100 dimethylpolysiloxane column gives three peaks rather than three groups of peaks. These facts show that a DB-23 column has the potential to recognize not only FAME but also CLA-Men. The areas of each peak group obtained by GC with a DB-23 column were summed up. The summed value was then multiplied by a correction factor to estimate the degree of esterifi cation. The degree of esterifi cation 47.1 0.4 , relative standard deviation RSD 0.8 , n 5 corresponded well with that obtained by alkali titration 46.0 1.1 , RSD 2.4 , n 5 when a dose of 200 U/g of lipase was used. In addition, when a dose of 3000 U/g of lipase was used, the reaction reached equilibrium; the results at equilibrium based on the GC analysis and alkali titration were also quite consistent 78.5 0.9 , RSD Fig. 1 GC chromatograms of (A) the mixture consisting of L-menthol, FAME of CLA, and CLA-Men after methylation of FFA (degree of esterifi cation = 47.1%), and (B) the mixture of lauryl alcohol, FAME of CLA, and CLA-Lau after methylation of FFA (degree of hydrolysis = 12.3%).
1.1 by GC, n 5; 77.3 2.1 , RSD 2.7 by titration, n 5 . As described above, consistent results could be obtained, indicating that only FFA is converted to FAME, whereas L-menthol and CLA-Men are little changed. Therefore, this method can be applied to estimate the degree of esterifi cation in the synthesis of CLA-Men.
The order of elution of FAs in FAME was C16:0, C18:0, C18:1, 9-cis,11-trans-CLA, 10-trans,12-cis-CLA, and other CLAs, as shown in the FAME group in Fig. 1A . The FA composition of FAME was as follows: 12 9-cis,11-trans-CLA, 62 10-trans,12-cis-CLA, 9.1 other CLAs, and 17 other FAs fractionation efficiency: 10-trans,12-cis/ 9-cis,11-trans 10-trans,12-cis 100 84 . C18:0 was esterified only slightly because of the low substrate specifi city, and these results were almost identical to those obtained by the conventional method 6 . The order of elution of FAs in the CLA-Men group was also the same as that in the FAME group. Furthermore, the FA composition of CLA-Men could be quantifi ed as follows: 67 9-cis,11-trans-CLA, 8.9 10-trans,12-cis-CLA, 1.4 other CLAs, and 23 other FAs fractionation efficiency: 9-cis,11-trans/ 9-cis,11-trans 10-trans,12-cis 100 88 . As already mentioned, the order of elution of FAs for FAME and CLA-Men was the same. This may be attributed to the fact that a DB-23 column recognizes the acyl residue but not the alcohol residue in this case. A DB-23 column has a cyano group in its stationary phase and π electrons in the functional group. The π electrons in the FA residues of FAME or CLA-Men interact well with those in the stationary phase and signifi cantly contribute to the rise in separation effi ciency. The alcohol residue does not contain double bonds and has the role of accommodating the difference in molecular weights between FAME and CLA-Men. The difference in the molecular weight causes the difference in the vapor pressures of the two esters. An effi cient separation can be realized by these two factors. Based on these results, the separation of FFA and ester fractions can be omitted, i.e., the degree of esterifi cation and the composition of the FA isomers can be simultaneously determined by GC.
To generalize the above results, the analysis of a CLA ester containing a different alcohol residue is now discussed. In this study, CLA-Lau was used as the model compound. Figure 1B shows the chromatogram obtained after methylation of FFA in the reaction mixture for the lipasecatalyzed hydrolysis of CLA-Lau. Lauryl alcohol was first eluted, followed by the FAME and CLA-Lau groups. The order of elution of the peak groups also follows the vapor pressure of the compounds. However, the column temperature must be maintained higher than that of the analysis of CLA-Men, and a long analysis period was required. The degree of hydrolysis and the FA composition of CLA-Lau could also be determined; the degree of hydrolysis at equilibrium was 12.3 0.3 , RSD 2.4 , n 5; the FA composition of CLA-Lau was 41 9-cis,11-trans-CLA, 42 10-trans,12-cis-CLA, 4.6 other CLAs, and 12 other FAs. These results agreed well with the results obtained by the conventional method. Even for the analysis of CLA-Lau, the difference in the vapor pressure and interaction of the electrons between the acyl residue and the stationary phase both play an important role in the GC separation.
We have discussed the analyses of the CLA esters. The application of the GC method was also investigated in the analyses of other FA esters. The syntheses of oleic acid alkyl esters alkyl chain length: 3 to 10 from FFA and alcohol were used as models, where oleic acid contained small amounts of other FFAs as impurities. A good separation could be achieved in some cases Table 1 . When an alcohol having fi ve or more carbons was used, the impurities in oleic acid could also be observed. The order of elution was alcohol, the FAME group, and the group of corresponding alkyl esters. The separation was more favorable when using a longer-chain alcohol because the differences in vapor pressures between each component increased. However, when a short-chain alcohol 1-propanol, 2-propanol, or 1-butanol was used, the peak groups of FAME and the alkyl esters approached each other. As a result, the separation was poor, and good separation of impurities could not be achieved. These results show that the GC analytical method can be effectively used during the synthesis of FA alkyl esters when the alkyl chain length of the alcohol residue is greater than fi ve.
In conclusion, this GC analytical method can contribute to the development of a high-performance analysis for the synthesis or hydrolysis of esters. Because the limiting temperature of the GC column is presently 250 , the FA/ alcohol combination is limited. This GC method will become more general when better heat-resistant columns become available.
